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In a recent paper [Phys. Rev. B 66, 012501 (2002)], torque data measured on a MgB2 single
crystal in fields from 10 to 60 kOe at 10K were presented. The authors obtained the anisotropy γ
by fitting a theoretical expression to the data and concluded that the anisotropy is field independent
γ ≈ 4.3. They also reported the observation of “intrinsic pinning”, which they take as experimental
evidence for the occurence of superconductivity in the boron layers. In this comment, we discuss the
range of validity of the theoretical expression used by the authors and show that the conclusion of a
field independent anisotropy does not hold. Furthermore, we present torque data measured on two
crystals of MgB2, establishing the extrinsic nature of the peak in the irreversible torque observed in
some crystals.
PACS numbers: 74.25.Ha, 74.60.-w
In a recent report,1 Takahashi et al. presented torque
measurements performed on a single crystal of MgB2.
The authors concluded that the anisotropy γ ≈ 4.3 is field
independent at 10K, in contrast to an earlier finding2 of a
pronounced field dependence of γ at higher temperatures.
The main purpose of this comment is to show that the
conclusion in Ref. 1 of a field independent γ at 10K does
not hold, since the expression used in the analysis is not
applicable to all of the data.
In Ref. 1, the experimental data for angular torque
dependences in different fields were described by a for-
mula developed by Kogan,3 which in CGS units has the
following form:
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where ǫ(θ) = (cos2 θ + sin2 θ/γ2)1/2, θ is the angle be-
tween the applied magnetic field and the c-axis of the
crystal, γ = (m∗c/m
∗
ab)
1/2 is the effective mass anisotropy,
H
‖c
c2 is the upper critical field parallel to the c-axis, λab
is the in-plane penetration depth, V is the volume of the
crystal, Φ◦ is the flux quantum, and η is a constant of the
order of unity depending on the vortex lattice structure.
Equation (1) for the angular dependence of the reversible
torque was derived on the basis of the anisotropic Lon-
don model, valid in the limits of fields Hc1 ≪ H ≪ Hc2,
the latter condition is important to exclude vortex core
overlap.
In the analysis, Takahashi et al. did not fit to the ex-
perimental data all of the parameters of Eq. (1), but as-
sumed the value of ηH
‖c
c2 to be fixed and equal to 60 kOe,
because earlier measurements on a MgB2 crystal from the
same source indicated an upper critical field parallel to
the c-axis located in this region at low temperatures.4 It
should be mentioned, however, that theseHc2 values were
determined from resistivity measurements. Later bulk
measurements on single crystals2,5,6,7,8 found a lowerH
‖c
c2
value in the region of 30− 35 kOe, in contrast to the re-
sistivity results, which are affected by surface effects.5,7
Furthermore, the data presented by Xu et al. indicate
an anisotropy of the upper critical fields of 2.6, a much
lower value than the estimation of Takahashi et al.. A
possible reason of the large discrepancy is an overesti-
mation of H
‖c
c2 by Xu et al. due to alignment problems.
Since different assumptions on the value of the parame-
ter ηH
‖c
c2 yield different anisotropies γ from a fit of Eq.
(1), it would be interesting to see what values of γ would
result with different assumptions of ηH
‖c
c2 .
Problematic, especially if H
‖c
c2 is smaller than 60 kOe,
is the application of Eq. (1) for data measured in fields up
to 60 kOe, particularly since data measured in the whole
angular region from 0 to 180 deg are used in the fits. Even
if H
‖c
c2 is indeed about 60 kOe, the condition H ≪ Hc2
for the validity of the London model, and thus of Eq. (1)
is not fulfilled for all data analyzed. It should be visible
in the data if H > H
‖c
c2 , since in this case the supercon-
ducting torque is zero for angles for which H > Hc2(θ),
as can be seen, for example, in Fig. 1 of Ref. 2. In the
data presented in Ref. 1, the relatively low signal-to-noise
ratio makes a corresponding direct unambiguous conclu-
sion about the location of H
‖c
c2 difficult. Nevertheless, in
our opinion Fig. 2 of Ref. 1 indicates that both the data
measured in 60 and in 50 kOe are above Hc2 for field di-
rections close to the c-axis. This may or may not be the
case for the data measured in 40 kOe as well. We there-
fore think that Eq. (1) is not applicable for the analysis
of the data presented in Fig. 2 of Ref. 1. Even the data
obtained in H = 30 kOe (Fig. 1 of Ref. 1) may not be
sufficiently below H
‖c
c2 to yield a proper γ value from a
fit of Eq. (1) as there can still be a certain degree of core
overlap.
The data measured in 10 kOe indicate a lower
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FIG. 1: Torque τ of a MgB2 single crystal
9 vs angle θ at 32K
in 5 kOe. Shown are the measured data (◦), a fit of Eq. (1)
to (τinc + τdec)/2, in the range of angles as shown (full line),
and a fit of Eq. (1) to the shaked torque (broken line).
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FIG. 2: Torque τ vs angle θ near H‖ab for two different MgB2
crystals, one showing a peak in the irreversible torque near
H‖ab (a), the other one not showing such a peak (b).
anisotropy. As Takahashi et al. correctly note, simple
arithmetic averaging of the torque measured for clock-
wise (τinc) and counterclockwise (τdec) change of the field
direction not necessarily yields the correct equilibrium
reversible torque when there is substantial irreversibility.
However, in a torque study on YBa2Cu3O7−δ, Willemin
et al.
10 observed that γ extracted from the correct re-
versible torque, obtained with “shaking” the vortices by
a small perpendicular ac field,11 had a lower value than
γ extracted from (τinc + τdec)/2. Thus, substantial irre-
versibility leads to an overestimation of the anisotropy
γ. There is no hard proof that it has to be like this al-
ways. To check the situation in MgB2, we performed a
similar experiment. Figure 1 shows τ(θ) data measured
on a MgB2 single crystal
9 in 5 kOe at 32K and the cor-
responding fit of Eq. (1) to (τinc+τdec)/2. The reversible
torque data obtained by “shaking” can be seen in Fig. 5
of Ref. 2.12 In this case of data obtained with a “shaking”
experiment, an anisotropy of γ ≃ 3.2 was fitted, together
with ηH
‖c
c2/H ≃ 1.75. When the “unshaked” data of Fig.
1 are fitted, while keeping ηH
‖c
c2/H ≃ 1.75, γ ≃ 3.4 is
obtained, i.e., a higher value. If ηH
‖c
c2/H is instead fitted
as well, even a higher anisotropy, γ ≃ 3.6 is obtained.
If the whole angular range from 0 to 180 deg is fitted,
the fitted γ is also 3.6, but to compare with the shaked
data it is better to use the same range of angles. Either
way, the values of γ obtained from non-shaked data are
higher and it seems therefore reasonable to conclude that
the value γ(10 kOe) ≃ 2.84 obtained in Ref. 1 represents
an upper limit of the real anisotropy.
If the description of the experimental data from 30 to
60 kOe by Eq. (1) is unreliable, the analysis of the data
is thus limited to 10 kOe with the value of γ given in Ref.
1 representing an upper limit, and to 20 kOe. In this
case, we can conclude that the data presented in Ref. 1
indicate a field dependent effective anisotropy parameter
γ, in accordance with the conclusions of Ref. 2.
Takahashi et al. observed a peak in the irreversible
torque at 10K in 10 kOe for field directions close to the
ab-plane. They interpret the existence of such a peak
as evidence of intrinsic pinning (lock-in effect) and thus
as experimental evidence that superconductivity occurs
in the boron layers, in analogy to the layered cuprate
HTSC. The existence of a similar peak was observed on
another single crystal of MgB2 (see Fig. 5 of Ref. 2) and
also attributed to the lock-in effect, although no further
conclusions were drawn. However, from subsequent stud-
ies of different single crystals of MgB2, we found that
such a peak is present in some MgB2 crystals, but not
in all: Figure 2 presents τ(θ) near H‖ab for two different
crystals, one showing a large lock-in effect, and the other
one practically none. On the base of this observation, we
conclude that the presence of the peak is not an intrinsic
property of MgB2. This is in accordance with the estima-
tion that the ratio of the coherence length perpendicular
to the layers ξc over the layer separation d (estimated
by the c-axis of the unit cell) is larger than 1. A ratio
ξc/d > 1 implies that MgB2 is within the anisotropic 3D
limit, and therefore a lock-in effect and intrinsic pinning
should not be observed. The peak for H‖ab observed in
some MgB2 crystals may be caused, for example, by a
small amount of stacking faults.13 This problem will be
discussed in more detail in one of our next papers. As a
non-intrinsic feature, the observed peak forH‖ab can not
prove the occurrence of superconductivity in the boron
layers.
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